Background: Numerous studies in COPD have shown that deconditioning is a major contributory factor resulting in the reduced strength and endurance. However, most of the studies have assessed upper extremity and lower extremity strength. Upper extremity and lower extremity strength and endurance exercises are the mainstay of Pulmonary rehabilitation programme. However, core muscles strength assessment and strengthening are not included in pulmonary rehabilitation programme. Hence, there is a need to assess the strength of core muscles in COPD patients.
as the 'Power house'; the foundation of all activities. The core of the body includes both passive and active structures. The passive structures are the thoraco lumbar spine and pelvis whereas the active structures are the trunk musculature [1] . Akuthota and Nadler described the "core" as a box with the abdominals in the front, paraspinals and gluteals in the back, the diaphragm as the roof, and the pelvic floor and hip girdle musculature as the bottom [1] . Two types of muscle fibers comprise the core muscles: slow-twitch and fast-twitch. Slow-twitch fibers make up primarily the local muscle system (the deep muscle layer). These muscles are shorter in length and are suited for controlling inter-segmental motion and responding to changes in posture and extrinsic loads. Key local muscles include transversus abdominus, multifidi, internal oblique, deep transverse spinalis, and the pelvic floor muscles [2] . On the other hand, fast-twitch fibers comprise the global muscle system (the superficial muscle layer). These muscles are long and possess large lever arms, allowing them to produce large amounts of torque and gross movements. Key global muscles include erector spinae, external oblique, rectus abdominis muscles, and quadratus lumborum (which McGill states is a major stabilizer of the spine) [3] . According to Pilates, core strength and stability is of tremendous benefit for breathing [4] . Most of these core muscles also assist in respiration, like diaphragm and abdominal muscles. Studies conducted on singers showed that strong core muscles help singers to enhance the endurance of respiratory muscles and in turn increase the breathing capacity. Core muscles work by contracting the abdominal muscles, creating higher pressure in abdomen, allowing diaphragm relaxation and carefully controlled upward rise. The strong core muscles also support the muscles of spine and lower ribs which in turn help to enhance rib movement, resulting in improved breath capacity [5, 6] . The various core muscles aid in both inspiration and expiration, which require changes in the pressure within the thoracic cavity. The respiratory muscles work to achieve this by changing the dimensions of the thoracic cavity.
The diaphragm, serves as the roof of the core. It is a crucial muscle for breathing, contracts during inhalation, thus enlarging the thoracic cavity (the external intercostals muscles also participate in this enlargement). This reduces intra-thoracic pressure enlarging the cavity creates suction that draws air into the lungs. When the diaphragm relaxes, air is exhaled by elastic recoil of the lung and the tissues lining the thoracic cavity in conjunction with the abdominal muscles which act as an antagonist paired with the diaphragm's contraction. [7] Also, diaphragm imparts stability on the lumbar spine by contraction of the diaphragm and increasing intra-abdominal pressure. Ventilatory challenges on the body may cause further diaphragm dysfunction and lead to more compressive loads on the lumbar spine [8] . Thus, diaphragmatic breathing techniques may be an important part of a core-strengthening program. Abdominal muscles (external oblique, internal oblique, rectus and transverse) are considered the main expiratory muscles (Ex M). The abdominals serve as a vital component of the core. In particular, the transverses abdominis has received attention. Its fibers run horizontally around the abdomen, allowing for hooplike stresses with contraction. Isolated activation of the transversus abdominis is achieved through "hollowing in" of the abdomen. The transversus abdominis has been shown to activate before limb movement in healthy people, theoretically to stabilize the lumbar spine [9] . The internal oblique has similar fiber orientation to the transversus abdominis, yet receives much less attention with regard to its creation of hoop stresses. Together, the internal oblique, external oblique, and transversus abdominis increase the intra-abdominal pressure from the hoop created via the thoraco-lumbar-fascia, thus imparting functional stability of the lumbar spine [10] . The external oblique, the largest and most superficial abdominal muscle, acts as a check of anterior pelvic tilt. As well, it acts eccentrically in lumbar extension and lumbar torsion [11] . Finally, the rectus abdominis a paired, strap-like muscle of the anterior abdominal wall. Contraction of this muscle predominantly causes flexion of the lumbar spine. Also their contraction compresses the abdominal content, causes the costal ribs to descend, and pushes the diaphragm towards the thorax. Along with the action of the internal intercostals muscle, abdominal muscles increase intrathoracic pressure, diminishing lung volume and facilitating expiratory flow [12] . Moreover, the activity of Expiratory muscles increases in proportion to ventilatory demands [13] . Expiratory muscle contraction also drives the execution of different expulsive efforts such as coughing [14] . During quiet breathing, there is little or no muscle contraction during expiration. This process is simply driven by the elastic recoil of the lungs in healthy individuals. In certain conditions, such as in COPD the elasticity of the lung is lost. Forced or active expiration occurs in COPD patients, which also occurs during exercise [7] . "Chronic obstructive pulmonary disease (COPD) is a preventable and treatable disease with some significant extra pulmonary effects that may contribute to the severity in individual patients. It is a progressive disorder with pulmonary component characterized by a partially reversible expiratory airflow limitation [15] . COPD is a common disease that can substantially impair one's quality of life and increase the risk of premature death. In COPD there is inflammation of the peripheral airways and destruction of lung parenchyma or emphysema and its vasculature in highly variable combinations. It encompasses both emphysema and chronic bronchitis. The airflow limitation is associated with an abnormal inflammatory response of the lungs to inhaled noxious particles or gases. Consequently, there is a loss of elastic recoil and increased airway resistance, which limits both inhalation and exhalation capacity. At a later stage of the disease, a thickening of the vessel walls occurs, which has a negative effect on the gas exchange, and can lead to both hypoxia (low oxygen levels) and hypercapnia (high carbon dioxide levels) [16] . Expiratory airflow limitation and loss of the lung's elastic recoil promotes air trapping with an increase in end-expiratory lung volume (EELV), a decrease in inspiratory capacity (IC), and lung hyperinflation. Consistent reduction in IC during physical activities reflects dynamic hyperinfla-tion [17] . The dynamic hyperinflation results in a deterioration of the length-tension relationship of the diaphragm muscle, which leads to increased respiratory effort. In patients with COPD, the resting position of the thorax is in more inspiratory mode, there is decreased thoracic excursion. There are changes in alignment of fibres of diaphragm with hyperinflation. The diaphragm become more flattened [18] . The angle pull of the diaphragm fibres becomes more horizontal with decreased zone of apposition and decreased range of contraction as the disease progresses (diaphragm weakness) resulting in an inward pull of lower ribs during inspiration [18, 19] . Expiratory Muscle recruitment has been observed in patients with either chronic obstructive pulmonary disease (COPD) or asthma, at rest and during loaded breathing [21, 22] . Although the clinical significance of this activation is unclear, Expiratory muscles contraction is considered to be a mechanism that provides the system with functional reserve [12] [13] [14] 20] . Dodd DS, et al, in his study of chest wall mechanics during exercise in patients with severe chronic airflow obstruction sughested that airflow obstruction can induce adaptive changes in the expiratory muscle of COPD patients. Although the clinical significance of this activation is unknown, contraction of the expiratory muscle might represent a compensatory mechanism in obstructive lung diseases. The Expiratory muscle contraction can store both elastic and gravitational energy within the thorax and abdomen, facilitating the beginning of the following inspiratory cycle [20] . There are several reports showing that expiratory muscle strength and endurance can be impaired in patients with COPD and therefore decrease in functional reserve [22, 23] . Also, in COPD patients, there is skeletal muscle dysfunction due to local systemic or both the mechanisms. Systemic factor may cause widely distributed loss of muscle function, whereas local factor involves chronic inactivity as result of breathlessness. These lead to deconditioning resulting in muscle dysfunction predominantly in locomotor muscles such as quadriceps. Most of the researchers have given emphasis to the quadriceps, as it is a primary locomotor muscle and readily accessible. They found that a decreased strength of the quadriceps muscle.
To summarize, COPD patients demonstrate an altered length tension relation of diaphragm, paraspinals, pelvic floor muscles and abdominals which can influence the strength of the core muscles. Hence, it can be hypothesized that there can be an alteration in strength of the core muscles in these subjects.
The study showed that quadriceps and anterior abdominal wall muscle (Expiratory muscle) have similar fibre type distribution. As quadriceps consist of 43% type 1 fibres and 57% type 2 fibres whereas abdominal muscle consists of 46% type 1 fibres and 54% type 2 fibres. So, there may be muscle dysfunction present in abdominal muscles [24] . During inspiration, diaphragm contracts, flattens and moves caudally, resulting in increased intra-abdominal pressure. This increased pressure prevents further descent and stabilizes the central crux of the diaphragm enabling the lateral costal fibres of diaphragm to elevate the lower ribs (bucket handle movement). During active or forced expiration, abdominals contract resulting in increased intra-abdominal pressure. This causes an upward movement of diaphragm and downward pressure on pelvic floor muscles. Hence, Pelvic floor muscles acts as a functional unit in spinal stability. It helps in breathing and withstands increased intra-abdominal pressure and prevents urinary incontinence. Many researchers concluded that in COPD patients due to chronic coughing, continuous high intraabdominal peak pressure is generated. This causes pelvic floor muscle dysfunction leading to the greater degree of urinary incontinence compared to the general population [25] . Furthermore, kyphotic or forward shoulder posture is commonly seen in COPD patients [26] . A study indicated increased end-expiratory level and active expiration in sitting with a forward-leaning trunk compared to sitting leaning back. Sitting with a forward-leaning trunk and resting the forearms on the thighs is a modified position for relaxation in chest physical therapy [27] [28] [29] [30] [31] [32] . Therefore, for the relief from dyspnea, this forward-leaning posture is often assumed in patients with COPD [33] . This posture is associated with a decreased lumbar lordosis, resuling in lengthening of erector spinae. So, the distance between xiphisternum and pubic symphysis is reduced resulting in shortening of abdominal muscles [34] . This approximation of ribs to the pelvis results in increased intra-abdominal pressure and makes difficult for the diaphragm to descend caudally during inspiration [35] . Richardson and Joule's grading of core muscle strength. 6 Minute Walk Distance (in meters). Body Mass Index (Kg/m2) FEV1% Procedure: Subjects coming to the chest or medicine OPD were screened, out of which 35 COPD patients who met the inclusion criteria were enrolled in the study group after taking their consent. In the control group, relatives of the patients coming in the OPD or admitted in the hospital
MATERIALS AND METHODS
and healthy normal individuals from the society were screened, then age, gender and BMI matched healthy 35 individuals meeting the inclusion criteria were enrolled after taking their consent to participate in the study. Core muscle strength assessment: Core muscle strength was measured by Stabilizer's pressure biofeedback unit, with the help of Richardson and Jull's core muscle grading method. This grading method was used as it is reliable and valid method of testing core muscle strength [36] . The subjects were instructed to be in supine lying position. The inflatable bag was placed in lumbar hollow and pressure was raised till 40mm of Hg. Subjects were instructed to flex both lower limbs. Two trial sessions were carried out prior to the grading of core muscle. 'Drawing in maneuver' i.e. core activation was taught to the subjects. Subjects were instructed to take their umbilicus upward and inward and maintaining this they were tested as per the following grades. (Excellent control) Subjects were allocated a grading at the point at which they were not maintaining the core muscle contraction [36] . All COPD subjects and age, gender and BMI matched healthy individual were assessed for their weight in kgs and height in meters and then body mass index (BMI) was calculated. All COPD subjects were made to do 6 minute walk test to find out the functional capacity of them.
RESULTS

Statistical analysis:
The SPSS software 20 was used for data analysis. Wilcoxon signed rank test (non parametric test for paired sample) was used for the comparison of core muscle strength between study group and control group. Spearman correlation test (non parametric test) was used to find the correlation between core muscle strength and BMI (body mass index), severity of disease (as per Gold's classification) and functional capacity (6 minute walk test). Participant's demographics: On comparing the 2 groups, a strong correlation was seen for age (r=0.987) and BMI (r=0.971) suggesting that both the groups are matched which was statistically strongly significant. (p< 0.0001). In the study group, according to the severity of disease (as per Gold's classification) 4 (11.4%) were mild, 17 (48.6%) were moderate, 10 (28.6%) were severe, 4 (11.4%) were very severe. According to the core muscle grading in study and control group, 5 (14.3%) and 4 (11.4%) were graded 0, 20 (57.1%) and 17 (48.6%) were graded 1a, 9 (25.7%) were graded 1b in both groups, 1 (2.9%) and 4 (11.4%) were graded 2a , 0 and 1 (2.9%) were graded 2b, respectively. The median of core muscle strength in study group and in control group was 1. There was a reduction in core muscle strength in Study group as compared to the control group which was statistically not significant, (p=0.105). Odds ratio of core muscle strength showed the risk of having reduced core muscle strength in study group (COPD) was 5.66 times greater than that of control group (Matched healthy individuals). There was a moderate linear positive correlation between core muscle strength and 6 MWD (rs = 0.372, p = 0.028) which was statistically significant. There was a weak linear positive correlation with FEV1% (rs = 0.274, p = 0.112) which is statistically not significant. There was a weak linear negative correlation of core muscle strength with BMI (rs = -0.10, p = 0.757) and severity of disease (rs = -0.288, p = 0.094) which was statistically not significant. There is no statistically significant difference in the strength of the core muscles in patients with COPD as compared to the age, gender and BMI matched healthy individuals. However, odds ratio shows reduced strength of core muscle in COPD patients. It has moderate association with functional capacity and weak association with degree of obstruction and BMI in patients with COPD. Clinical Implication: Core strengthening exercise programme should be encorporated as an integral part of rehablitation along with pelvic floor muscle strengthening exercise and diaphragmatic breathing exercise in COPD patients in pulmonary rehablitation programme. Core strengthening exercise programme should also be emphasized in normal healthy individual's exercise programme.
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